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Abstract: Objective: To investigate the effects of Buyang Huanwu Decoction on endoplasmic reticulum stress-autophagic
response and the expression of GADD34 in ischemic penumbra of mice with CIRI. Methods: The mice were randomly divided
into sham operation group, model group and Buyang Huanwu Decoction low-, medium-, and high-dosage groups. The mice were
treated by gavage for 7 days before modeling and 24 hours after modeling. CIRI model was established by the thread
embolization method. The neurological function was evaluated on the 48 hours after modeling; TTC staining was used to observe
the cerebral infarct volume; HE staining was used to observe the pathological changes of ischemic penumbra; TUNEL was
performed to assess cell apoptosis; Western blot was performed to assess the expression of endoplasmic reticulum stress marker
protein GRP78 and autophagy marker proteins LC3 and p62; Immunohistochemistry and real-time PCR were applied to examine
the protein and mRNA expressions of GADD34. Results: Compared with the model group, neurological function score and
volume of cerebral infarction were decreased, reperfusion injury of ischemic penumbra was improved with varying degrees,
number of apoptotic cells was decreased, expression of GRP78 and p62 protein were down-regulated while ratio of LC3-1I/ LC3 —
I was up-regulated, and expression of GADD34 protein and mRNA were up-regulated in each Buyang Huanwu Decoction group,
with statistical significance (P<0.01). Conclusion Buyang Huanwu Decoction can significantly improve the damaged neurological
function, cerebral infarction volume and histopathological damage of ischemic penumbra, as well as reduce the apoptosis cells,
which plays a neuroprotective role in mice with CIRI. Its mechanism may be related to up regulating the expression of GADD34,
regulating the steady-state balance of endoplasmic reticulum stress autophagy response in ischemic penumbra.

Keywords: Buyang Huanwu Decoction, Cerebral Ischemia-reperfusion Injury,
Endoplasmic Reticulum Stress-autophagic Response, Growth Arrest and DNA Damage-inducible Protein 34,
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R, 5 AEASKE X /N R ThREREAT I 73, TTCYL Ll i A AL AR RN, HEYL (M 25 i i T i B4, TUNELYE
K40 AR T, Western blotA il P o 9 S bR 5 28 FAGRP78 LA & [ MEbr & B ALC3FIP62 % ik, #Hhsdiib 55k E &
PCRZ> A5 M GADD34 % 4 S mRNAKIE . 7. SR LR, #MNAIE T &R 4N A 2 ThRE PR BRAK, ks
FUARRR AL, e e B 2 S R AN R R B kA2, A T4l i8>, GRP78.5P62% K IAFFIL, LC3-II/LC3-1
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RE EERE., @RS A AR S I BT
e SO SR T 2 r 25 Ry B R AR 9T TV LR I I T
RS, MAFEEES SR EB N, 1wk i
FEVE 45145 (cerebral ischemia-reperfusion injury, CIRI) [1].
—HLREM B Mt AR B LS SORE
5 N 22 ol [ 2R 5 R A I - B e AR R T M N 2
FCIRUA A 1 = BLp ELHLAI [2] o B[P S2 BE AR ST X _E IR AL
il ) #eR 22 LR A R BB N 1 SIE TG 2 A 28T I R G 2880 ) e
BiHh[3]. KL, AR CIRUKR A K519 BEALH IE 54k
WA, BAEENHERSIGRKRE L.

rh 22 251 7 16 CIRLT TR A 45 ShRe i F AR 35 (4]
BN N CIRUR AR A RZ o HLAE TR ML, e 0 ML A
HENAVES]. AMHIE R R SR IVEREKTT, NiER4A
REFEEE, HE (EARSE) » 2TTHFEE, HH.
JIE L FRA BT aAe M L 7R 2541 . mT IR PR
5 SIS B 5T 35 0E 92 6 CIRTE A BH #f 1 #4 &8 Or 40 4 H
[6,7], ZaERIMIE A 5 B EIR YT B ok TR A &,
Wimi IER, EHAERPSITIA T 2E .

ITAER, PN 5T I N2 W e 1 A 2 2 487 72 CIR I L |
WA 32 22 500 . W TR R I, B I G 7 A o 1 2 i
B3t FE 5 S T 1 Wk TR A S A A A A 5 A 4 2 i I R T
A OB R B AT [8,9], M AE K AT SDNAT F il 15 3
HH34 (GADD34) stk € HAE N 5t 0 - H W e 3 i 7
RS AAER TR TIFR[10]. {HZ, ABM - H
Wi [ N A5 22 5 1 #FHIE T3 % CIRTP) PrPAE 2 AL
il 2 51 GADD34R A A2 H Al A WAH KR IE
(R, AT 5 40030 3t DR i 50k e o, PV 9 403 47 /) RS2
B A SECIRIA A I R LSS SH 34 13 6] R I~ 155
A AN 5T X R T - W SN RS, R R IR AE 43 1L
il B A RHE T SRR AR

2. Tk
2.1. ¥

SPFRKM/NRTOR , MEMER ¥, K& 18~20g, ]
F 3K o0 A SEIR Eh YA IR A R AL, S A VF ATE 5 -

SCXK (il ) 2019-0004 , zh#) i & & ¥ iIF 5 :
430727211100892986., 7% Tl B 44 HH 2= 24 7% Bt SPF 2k
SIS AR, I E25°C, AN S0%, BRI,
H HEE UK,

2.2. 9 Rl

FNHIE T (B EE120g, VHRE6g, #5774.5g, Bk -3g,
LI4E3g, Mg, JE3g) , T IE W T EE 2T 5
BEP B b, 25770 FHH L% R4 e N IE . o
TR FH2000mL 7518 7K 32 13 0min, A1 30min, YHEZ5,
SR 5 2538 F512000mLZ& 18 /K BT & 30min, & 20K 25,
Sy RGBT R 25510.465. 0.93. 1.86g/mL, H T4°CiK
FEIRAT 25 H o

2.3. EEREHSNE

T A OS2 R BE3(LC3) 2 R4 2 P62 (P62)
ifk, RN =ZEAEWHERAERAF, 505K
14600-1-AP. 18420-1-AP; 7 % k#1775 25 (4 78(GRP78)-
GADD34, JbinitBRBREMHEARAEGRA, 555N
bs-1219R. bs-10287R; 3-f & H iy & i Z (GAPDHD ,
R RAEVRHE AR AR, 525 8GB11002; 2,3,5-
ZARIEEA VIR ME(TTC), EZ5ERb 2R A R A A,
5 N30187713; HARRMA(HE) . TUNEL (%%
) A& HRPER LI EPiRleG. R A&,
DR GER AR AR A A, 585 2051 28G1005 G1501 .
GB23303. G1211. RNA# A7) E . TRIzol RNAZ &
7, 3&E Invitrogen A |, 58540 5l HK 1691 15596026
P E BPCRIAF A, HATaKaRaA ], 525 NRR82LR.
RER B e (AL THIRBHET AR A A, HkE1218A5)
KA (R GE R B ARA A, B5BV-2) , ¥
FEA R GE R AR AR AR, MSBT-28) , 1k
FREBE RS (LS ARENEER AR, S
ChemiScope 6000) , AIEYIAHL ( EifgskRAGERARA
A, BSRM2016) , 2R iEE (HAJE R, HS5NIKON
ECLIPSE E100) , JGEGE (HAJERE, B 5NIKON
ECLIPSE TI-SR) , &3 EHEA % & Ol (% EHERMLE
AFE, BE5Z32HK) , ZERAKT KA QbR H e
ARAEMRAT, BE5BG-SUHWIDD , H%8& K I B2 2 41X
(¥ [EBioDropA#l, #5BD1106) , PCRY ML (£H
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Bio-RadA#], %Y5T100 thermal cycler) , %¢)Y¢E #&PCR
¢ (#E[E Eppendorfa ], #Frealplex2)
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ERPEMRFRIUE G, B BRI BEN LT RN 2
BFARL., BRI, IS AR E AL #MHIE Tz
FE RN Foiz A sl a2 H . A 257 EAR
NE/NRARZ AT IE[11], AMHIETLAIC. By &
F B2 23 914%9.2625 18.525. 37.05g/kgi I B E B 4525 (HH
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Z: IR R ZH R BRI 95 07V [12], ek id P 26 /N BR K
PRSIk, 2hE P, 3 B CIRTE A , /N BRI R )5, K F Longa
PEOMEVEE ML THRE[13], EEU ~35 /N RIS, 36
TN T UAREALE A o BRFARA R Bk A, A
NEHE

2.6. RARESLHHE

BN T ER G480 HU . TR ARRIE G, T
FE/NER A B 85 O E, BYFFATOH, IS aR e Sk
BN Z EENKR I E b, A KER, O F T IR
W BCRTI IERE A (A f5, T, BRI i
TR MREKfm, FHEABENLEE6 R FTTCY A, F46 2]
Hh i - mE a4, —3 B 4% 2 B E 2, 4°C
VKFEPRAT, W THES A, 44k XTUNEL (3856 &
W, S A FRE BN AR, SRIE AT -80°CUK
FERAE, FH T Western blot )2 5¢ )¢ E = PCRAG I .

2.7. HEhEN
2.7.1. #EThRETES

T i #5 J5 48h >R FH Clark J& kb 14 h B8 43 45 1F 2 [14]3F
E/NRMAIIRE, SHANRIZEh. B, AT R
HEAT TR, B02850, 4018 R 15 26 7 # 4 T) e B4
o,

2.7.2. TTCHA

K TTCHx e 52 i B FEAR AL . /N R ZH 2B T
-20°CYKAH MR 15min,  H K5 1mmY) & 85 25 5 e iR 1)
Frs H2%TTCH 3 7°ClE Y G t.20min, A5 4% % K H
it i e . B MM IR, BRI R AL, REAE
M2 2 (e, {f HImage Pro-Plus 6.0 &% 23 B #2E &
B B 6 e 2 0 i 2E 2RIAS SR HERE A X ARAR, T SAH XS
Fii A ZEAAR A

2.7.3. HEZE

SE I HE Yt 0 W00 82 B 111 2 R 5 21 2906 IR 245 22 i A
B 4% % T B [ 5 vP I 2 I A A 4L 2B, A et 1)

Jro HEGet, R R o A5k U0 BEHLIZE IS AN B
P UL A R R

2.7.4. TUNELZ:f

K F TUNEL %2 Y6 % €00 v 6 0 e 1f 2 B 5 28 21 41 A 17
T2 AT A B 227K, & A K % iR 4252 22min,
0.1%Triton X-100i% i 4L ¥ 5min, PBS¥E5minx3{%, TUNEL
SN TR G I B 2h, PBSYESminx37K, DAPIZ: K
T Z IR E 10min, PBSYESminx37K, HURGEKE
FE R . 2O RMEE T UE, St R T g0,
W NI, IR U R BE AL B S AN S i 1 A
R RIE, K HImage Pro Plus 6.0 B{E 0 Hr i 14t
SN N TR, OGP E T E E T .

2.7.5. Western blot #&

K Western blotyE 16 I 5 1T 2 % 7 25 23 A PN J5i X 87
Whr EEFGRPTS UL K H Wb £ E HLC3MPO2RIE .
-80°CARAE BN ZH 2N ARIPAZLARWE f5 , B Oo e sE i,
RIS EH, BCAIENE R AWRE, mEEHRENE, bR
HE47 SDS-PAGE#EIK HL ik,  300mATH 4 iH30min, 5%
BeRg 24w Et A, IAN—3T (WS E A GAPDHM R LLFI
3000, H I8 FIGRP78. LC3 K&P62#RELL B N1 & 1000) ,
PEIR E4°CHEE I, 1 ¢ 1000558 EL ] in X — HTHRPAR T
2EPilgG, IR N E30min, ECLEGIREE, L
RAERG A Tmage IRIFNEKEE, MEHWEASH
B A RS AT P Y IR A, BHT & A R IE T
X E AT

2.7.6. GREHAAI

K FH G 28 2H ARV A6 I Bk o, 2} % 7 2H 21 H GADD34 2
HRIE . AR Y &I 27K, EDTA (pH9.0) HilR
1B 20min, 3% RUEE /KA = DL §25min, 3%BSA
B F30min, JIAGADD34¥E (1 :200) , 4°CUKFA
i E A, WEHRPARC L EPTRIgG (115000 , =i
§% 5 50min, DABRH, JRAKZESE 4%, WoKE
W E o et AR TSR, DI B TR A PH MR IA,
SR ) A B AL 3% B S A G I 2 B 7 A0 BT 1 R OR 2 AR, R
FImage Pro Plus 6.0/ BT AF T B GADD34 5 [H Kk
(P46 % A (MODED , #EAT AT E 4T

2.7.7. RtEEPCRIGH

K A 9¢ o6 8 & PCR V% & Wl &R 1M > iy 20 21
GADD34%: K ik . MNCBIMuE T3/ BIEREF ), 18
A Primer 6.0 511519, AT AV TR (EE Ky
HIRAF AR, 5197 5E B WK, TrizolikfEBUmiZH 21
SMRNA, WERNAWKE KR, PP HERNAY R 5N
cDNA. PCR/ZM4& Z 20Ul @ 2xSYBR Green Mix 10uL,
cDNA 2uL, 5I#%f1uL, Rox 0.4uL, ddH,O 6.6 L. 33
2 /e SRR P © AR PE95°C, 2min, AB1H95°C. 15s, iR
K 58-62°C+ 1min, JEFF40IK. FafF 28 [ N2 @ 95°C.
15s, 60°C. 15s, {EEZEIE LS+ (20min) , 95°C. 15s.
M2 LKk F B-actin, K FH2 2a“BHATHIX B8, FniZ



420 JAIRESE S AhBHIE TLiz*E CIRT /) B P J5 9% M- B 6t S J% GADID34 3R 52

LR A L IE K o ACHE=Z K CtEH — N ZCHHE, AACt WL . P<O0.05ERZERAGIT¥E N, P<0.01ERE

H=5L562H ACHE — X R4 ACHfE A REGIH R
#1 PCR& LK 51751
3. R

EH AR 55l (5'-3") =YK bp
GADD34 F:GTTTGCACGAGATCGAAGCC 183 3.1. ;FHZE ﬁﬁ&,xﬂﬁﬁd\ ﬁ*ﬁpgmﬁgﬁzﬁﬁﬂwﬁﬁgwﬁ

R:GGTGTGGTCACATCTTGGGT E{J % l]|"n]
B-actin F:GCAGATGTGGATCAGCAAGC 102

R:AGGGTGTAAAACGCAGCTCAG SEEAREA, BAALN BT 4 BE T,

218, Gl MR AEAR RN BB, 2 5 I9h it & L (P<0.01) ;
8. ¢ R HE, R T % LA ) A 52
K HISPSS 22.048 i AE 4T $UHE 4047, R GraphPad 1 MRBAEARUR 2 kb, 22 53 39 Git 28 L (P<<0.01),
B R T 37 B | SopHE Lk
Prism SHCPEHE(FREAR BAOHIE . ScoiE T astem, £ o0 P IARALRAE R IR . SRR, 1.
LI LB R 2 0 259007, 2507 %56 R FLSDIE: it
(FIIPTLCEL, 4577 2 eI SR FA Tamhane’s T2HEHET P

K2 ZHDRMATIREVE o RIMEISLARLE (X+s) .

45 R¥ MAETNRETFS (D) PSSR (%)
RFARL 6 0.00+0.00 0.00:£0.00

R 6 18.33+0.82%* 31.3642.75%%*
FIBHIE F TR 20 6 16.00+£0.89% 21.94+1.99*
FIBHIE F37 7R 2 6 14.67+1.03" 16.06+1.87%

1 BHIE F 7 7 2 6 13.50+0.55"A 44 10.42+1 68" A4 4

E: HSHBFPARALLE, **P<0.01; SEIALE, #P<0.01; S5HHIERLZEFIEALE, A AP<0.01; SHHEHZPHIEMAILE, aAP<0.05,
AAP<0.01.

3.2, AMBHIE T XA AL /N B R i S R ER TR A B R

BT RN AL TE M, RS IR, H5E
7, MR ARGk, BRERE . AT, Rt
51 BEAVAL BRI LA M L, R D,
HEFUASTE, A0 BRI R B, P 70 MO e 4 A A 1 S R TR
AR, EAERGE, TSR = MK K, [EFUK
i, Gt AR s B T #5724 2 i B

P B, BT, BN, R R, et
B C D E Bdy/53, e R BRI T ) AL BT A 8 2
+
B 40N RSO . AR B2,

: AMRTFARY; BEML, CHHELHIFEL: DANHIEIZ
MEH; EAMNAIELE R,

- - ‘ ~ - 3 " .
BURLARUSEE s il NN N oy
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A : 24 ST A iy % X N e Bav ol AR k N * :
Ol n' Stk LA ~ : ~ Ve BRSNS G0 R
BFAR4L BRI #IMBE L LA (KA 4 FMBRIE FLi7 AR AL FIMBEIA i e ) 4L

B2 %410 UM R SR PES (HEQeE, x400) .

3.3. AEEILHXEERD R LR AR A TR UL B, RMBHIE Tz R A i R O T 4 L

i T s BIREEA (P01, H NS A 0 AL
BT ARMRALT AR M SEFARAE, oo sem s, nEEE

AR 21 gl i g e R T AN IR A B i (P<<0.01) 5 5
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B3 52/ R AL B i i A7 A T4 B A b B (TUNELHe (R, x400)

#: ABFARA; BAEMYA; CAMHEIZENEL; DANHERZFAEM; EAHEHZ SRS SHEFRALE, **+P<0.01; SHEAHL
R, #P<0.01; S5FMNHIETOACHIRALLE, A AP<0.01; S53MHIETLZPHIREALE, AP<0.05.

3.4. FMBHRE F1iz % AR /) BR SR A R 7 P R P SLORT A B C D E
Wi bR 5 R H R B R O
SRF AL AL, BERYZH /)N BRI 95 7 22N Joi ) LC3- | e e Wi s Sl 16 kDa
bR & I GRPT8RIA & FHm,  H Wb & 8 FILC3- LC3- 11 St S S Wiy S 1+ 1D
I/Lcs-1 Hﬁ’fﬁﬂ'%? P62$E%%j‘$@//l\’ %%Eiigﬁgﬁl+% P62 - e W e 62 kDa

B X (P<0.018P<0.05) ; SHMALLE:, *MHIETLZ
B0 2 /S BRI 2 1S Y 2H 2L GRP78 FI P62 B 1 ik i 3 GAPDH m 35 kDa
B, TMMLC3-11/LC3- 1 B E A m, ERWASI#
B (P<0.01) , HAkHIE FLiz & = AR A .

ER L4, £3, e ABFERY: BAERYL, CHMEHBIHIEL: DANHEHZ+
FlEd, EANHIE HizE .

B4 %40/ R B 2 RS A 4 ZIGRP78 LC3 J2P627K [ 4 ENE 1]

23 HHDN RS REHAGRPTS. LC3IKP62E AFRIE I (Xxs) &

4R35 R# GRP78/GAPDH LC3-II/LC3-1 P62/GAPDH
RFARH 6 0.41+0.04 0.39+0.02 0.50+0.02

TR ZH 6 0.96+0.02%* 0.53+0.02% 0.41£0.01*
#INBHIE FL iz TR 2 6 0.82+0.03" 0.61+0.01" 0.30+0.01%
#NBHIE Fiz R R 2 6 0.73+0.02% 0.7140.01% 0.22+0.01%

1 BHIE F 37 7 2 6 0.49+0.01%4 422 0.83+0.01%4 424 0.10+£0.01%4 424

T 5SHRFARLEE, *P<0.05, **P<<0.01; SHEAIALLE, #P<0.01; SHHIEHBEFEALLE, A AP<0.01; 5%MHETZTHIEALLE,
AAP<0.01.

X (P<0.05) ; S LLE, #PHIE H 7 &7 2= 4H 6k
35 AMFEEBIRINRBIEREHGADDMEER 1y o1 G ADDYE [ fomRNA KBS 15, %57
mRNAZRIE ) W G228 X (P<0.01) , H A RIS T i i A B 4
58 F AR, wwﬂkmﬁmﬂﬁaﬁ%éﬂ o EmIE. RIS, Ee.
GADD34%&E [ EmRNAR AW EF =, ZRE%IT%
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#hBHIE T3 R AL
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BS54/ BRI 15 H GADD34 s F A VR L (F g, x400) .

BT A4l U RIVE |
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L]:['
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W ABRTFARYA; BESA; CAMNHEHBIESN; DAMNHERLZHREH; EAHELZ SRR SRFARLALE, *P<0.05; SHEEHL
L, ##P<0.01; S5FMNHETOAICHIRALLE, A AP<0.01; S53MHIETLZPHIRALE, AaP<0.01.

4. e

PR CIRIEE FE b g i 2 R Ay A P AT T2 i £ R
REAEE FEUE S, FIBH IR 717 BE 55 3 #9011 5 U5 2R 3 7 CIRI
PR ARGl o 2 s A AR T, R AR ARG EFH[15]. AW
FURIFER I, FPBHIE F137 AN [F] 771 5 41 35 B 5 2 400 il CIRT
ANER BRI HE AP T SCGE A SR B REE, J
R ZEARFRN 5 # 2 Th B BB 4 . R B A HE RS
RIFER, 1X5REAERTFEE R 2.

A P AE RO A T 32 P 5 S 1 2
HEBRa&[16]. HEVE. BRIk B — /5
RIZ BN, Ui IR R S T BIBR, R M IhRE R 1A,
SEAP BRI EEAENRMERE, Ayt
B P o R IER R Bl PN 5 DX A % B R DA 4 R Y 3R
BEFRE[17]. (EIE SR AR, 2 bk PR I R 5%
WSS, SEOET[18]. TWu7E PG W L A R T 4% i
Ferb, EVESE T EEAG, FRERY, WM AR
JEBNERAL, MR P SR R, 2 PR X s R
REMRT B/ ETT S E S 7 TN R S
BREE S, 4 B W24 2 19]. ik, 28K FHA
MW Y85 A T B I P P R X OIS R i RF E B AP
G BRI ZR[20]. HTTWETEIESE, EEASCIRIEFEH,
PR I 238 — 1 T ) R A T A e SRR, PO s
LA FE 5 5 O R W A AR AR AN L, R
BRATA T T A 2 s T A0 22 0B 1 R T AR 8,9]. AT
UG5 R, R AL /) BRI > B 4L 2R PN o IR N b i
HFAGRP784E [ R IA K F &3 T &1 1M H Wt b & 85 [T LC3-
II/LC3- T EAE T P28 FASRIAN /D, R I P9 5 X B ik
-BEWE R NS KE S S T CIRIFR R, #MNEE R

G w7 T A B 34 A B S o /S BR Rt e i
GRP78 & P625E HIERIL, FFRe(EFLC3- T [AILC3- 1T Hy%%
th, HrpPlE A E A ROR A, FERANHIE 117 AT A il
O e L 24 P 2 3 FEE P PR R RS R EAS AR W, T
355 P4 J PP 38— 1 Wk A AT A 38 1T 6 CTRI= A= R R
HIxFr Ry H B A =R

GADD34# —F4i AT E A, 25N mEM T E
A 2 MG G 30, [RIB H2 P o 82 3 1 e I
I R AR AT, FE A A AT B T
BEEHR[10]. BEAERTF S HRE, R B BRI B T
GADD347E 1 58 Ji 121 X K & 7% s -8 1%k, H 1 GADD34
mRNARIE T H#EFE3hE &, BEARETHERG
24hik %, HGADD34GZHM ML AS KL 1B,
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